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In the context of the need to preserve the biodiversity of natural waters, the cultivation of valuable fish species for stocking natural re-
servoirs takes on exceptional importance. Optimization of the technology for growing sturgeon in artificial conditions has become the
main goal of our research. The population used for the present study is from a fish farm, Dneprovskiy Sturgeon Fish Breeding Factory
located in Belozersky district (Kherson region, Ukraine). Studies were conducted for ten years (2007-2017). The objective of our study is
to assess the quality of juvenile sturgeon when grown with different durations. The research material was provided by the free embryos
and larvae of Russian sturgeon (Acipenser gueldenstaedtii von Brandt & Ratzeburg, 1833). Formation of experimental groups and calcu-
lation was performed on the principle of groups-analogues by standard methods. The main resultant criteria were larval survival, optimal
extrinsic performance, and fish productivity. As a result of the conducted research it was determined that the optimal term of growing the
larvae of 4. gueldenstaedtii in the pools was 20 days. During this period, young sturgeon had high rates of average body weight with a
survival rate of at least 53.4-60.2% and optimal physiological state. In variants with a maximum growth period of 24 days, the difference
in the individual masses of the test material was significantly increased on the background of rather high mass indices of the larvae (1.2—
1.4 and 1.9-2.1 times, respectively for II-II variant). This led to an increase in the pressure of food competition and, as a result, to a de-
crease in the output of young sturgeon growth of up to 46.5-61.9%. Survival of the larvae was by far the highest in the experimental
groups with a minimum period of cultivation and ranged within 75.1-80.7%. The maximum level of fish productivity was observed in the
third variant of the experiment with the longest period of cultivation. An analysis of the relative indicators of body weight gain revealed
that with the extension of the growing period in experimental variants the percentage of realization of growth of larvae during the period of
exogenous feeding was proportionally reduced. The most effective use of feed for the growth of body weight of the larva was in the va-
riant with a growing period of 20 days. Feed costs in these groups ranged within 2.80-3.24, which averaged 2.83-3.02. Analysis of the
dynamics of oscillations of the main biochemical indicators showed that the accumulation of consumables in the body of the experimental
larvae increased with the growing period of cultivation in the pools. The amount of moisture was adequately reduced. The greatest influ-
ence on the results of the growth of sturgeon larvae in the pools among all the considered factors belonged to the period of cultivation, the
magnitude of significance of which was 61.2%. The research results should significantly improve the technology of growing the Dnieper
population of 4. gueldenstaedtii on fish farms.
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the Ukrainian coast (Movchan, 2011; Pilipenko et al., 2014). After a sig-
nificant increase in catches in the 1950s, the number of Black Sea sturge-

Introduction

Recent decades have been characterized by an increase in technogen-
ic and anthropogenic load on natural ecosystems, in particular those that
exist mainly within the aquatic environment. The pressure of irrational
fisheries and the polluting activities of humankind’s production process
have resulted in the redistribution of the qualitative and quantitative cha-
racteristics of the abiotic and biotic components of hydro-ecosystems
(Tretjak et al., 2010; Sherman et al., 2013; Marenkov, 2018a, 2018b). This
has led to both the extinction of some species and the decline in the num-
ber of others (Ambroz, 1956; Zalumy, 1970; Zalumy, 1973). In the past,
the most valuable mass industrial species in the ichthyofauna of the Dnie-
per-Bug estuarine ecosystem were members of the sturgeon family. Until
the 1960s in the ichthyofauna of Ukraine representatives of the sturgeon
family included Beluga, Russian sturgeon, Northem sturgeon, Atlantic
sturgeon and Thom sturgeon, as well as the freshwater species — sterlet
(Berg, 1949; Vladymyrov et al., 1963). By the mid-1990s, only the Rus-
sian sturgeon and the Northem sturgeon remained relatively numerous
among the above-mentioned species (Sherman et al., 2009; Pilipenko et
al., 2013; Sherman et al., 2018). In the Black Sea, up to 90.0% of sturgeon
stocks are concentrated in its northwesterm part, that is, largely directly on
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on decreased markedly. The situation has not changed much since the
introduction of the ban on fishing. An increase in anthropogenic pressure
in the early 21st century has led to all sturgeon species being entered in the
Red Book of Ukraine (Akimov, 2009; Pilipenko et al., 2013). Thus, the
current state of the Dnieper sturgeon populations remains critical and
needs to be stepped up in efforts to restore the abundance and conservation
of the biodiversity of the Dnieper-Bug estuarine ecosystem (Sherman et
al., 2009; Grytsyniak et al., 2015). The same situation was observed with
other populations of sturgeon (Ludwig et al., 2009; Ruban et al., 2019;
Friedrich etal., 2019).

Conservation of the Dnieper sturgeon populations has always been a
challenge for the fishery industry, which was primarily related to the bio-
logy of these fish (Ambroz, 1956; Tretjak et al., 2010, Grytsyniak et al.,
2015). Sturgeon are fish with an extended life cycle. Late puberty and
non-annual spawning determine their low reproductive ability. Against
this background, the absence of the required number of spawning grounds
makes it impossible to sustain the population of Dnieper sturgeon naturally
(Sherman et al., 2009; Tretjak et al., 2010). At present, this is possible only
under the conditions of artificial reproduction of sturgeon in fish factories
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and the introduction into natural water bodies of a considerable number of
viable young of these species (Kolman et al., 2011; Vasileva et al., 2019).
Studies have shown that the efficiency of works on artificial reproduction
and growth of sturgeon for the fishing of natural water bodies depends to a
large extent on the results of the growth of larvae. The latter is determined
not only by the number of young sturgeon received and their qualitative
characteristics, but also by the time required to reach the normative ave-
rage mass of young sturgeon, which is the main criterion for transplanting
material into growing ponds (Sherman et al., 2009; Chebanov et al., 2013;
Vasileva, 2016).

This raised the need for specific research to address issues that need to
be taken into account in technological processes in order to improve them.
In this regard, the main goal of the work is to obtain data allowing the
future quality of sturgeon fry to be predicted.

Material and methods

The research was guided by the principles of bioethics. The studies
were carried out in accordance with the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental and other Scientific
Purposes ETS No. 123 and approved by the Science Council of the Kher-
son State Agrarian University. Research on a particular problem was
initiated by us at the beginning of the century, and this publication is the
result of the logical continuation of previous experimental work. The po-
pulation used for the present study is from a fish farm, Dneprovskiy
Sturgeon Fish Breeding Factory, located in Belozersky district (Kherson
region, Ukraine). The research was conducted for ten years (2007-2017).
During the design of the experiment, three variants of the experiment were
formed with a gradation of the cultivation period: variant I — 16 days;
variant I — 20 days and variant Il — 24 days. The research material was
composed of the free embryos and larvae of A. gueldenstaedtii. The for-
mation of the study groups and the calculation was performed on the
principle of groups of analogues by standard methods from females of one
round of incubation (Ushkarenko et al., 2014; Pilienko et al., 2017).
The study groups of each variant were harvested according to a series of
experiments with a planting density of 2.8 and 3.2 thousand free embry-
os/m? and a triple repetition of variants. The average weight of free em-
bryos during the formation of the experimental groups averaged 183 +
0.29 mg (Cv=_8.7%).

Control of the physical and chemical regime of the pools was carried
out according to known recommendations (Alekin et al., 1973). Abiotic
environmental factors were within the normative limits throughout the
experiment. Average values of observations of water hardness and perman-
ganate oxidation ranged fiom 3.9-5.0 mg eq/dm’ and 11.8-25.2 mgO,/dm’,
chloride concentrations were within 39-51 mg/dm’, sulfates ranged from
32-57 mg/dnr’. The water temperature of the experimental pools varied
between 11.0-24.5°C during the observation period, which averaged
about 17.3 °C over the whole growing period. A characteristic feature of
the observations was that in the initial period of cultivation low water tem-
perature values close to the minimum regulatory values were observed.
The oxygen content in the water of the experimental tanks in the first
16 days of cultivation ranged within 6.1-9.8 mg O,/dm?’ and subsequently
decreased to 5.6-5.9 mg O,/dm’. The hydrogen index of water of the
pools fluctuated from 8.1-8.3. At the beginning of feeding of young expe-
rimental groups the water temperature fluctuated within 11.0-13.2 °C.

The analysis of larval growth was carried out once every 4 days.
The minimum sample was at least 150 specimens of each variant.
The main biochemical parameters were determined using conventional
methods (Flerova, 2014), the volume of samples was not less than
100 specimens of each variant. The larvae of the study groups were fed
with live feed (daphnia and oligochaetes) three times a day with a relative
daily diet of 25.0-30.0% of the average body weight. The transition to
external feeding was observed on days 11-12 of cultivation. The main
resultant criteria received for the impact of the growing period on the
quality of the young were the survival of the larvae, the achievement of
optimal exterior indicators of the study material, fish productivity. The in-
dicators were calculated by the direct accounting method (Ushkarenko
etal,, 2014). Data are presented as mean values and standard error (x +
SE). Statistical analysis was performed by means of analysis of variance

(one-way ANOVA). A value of P < 0.05 was considered statistically
significant. The differences between the values were determined using the
Bonferroni correction. Analysis of variance of the influence of technologi-
cal and environmental factors on the growth of larvae was carried out
using the MANOVA test.

Results

The average mass of larvae in the experimental groups, depending on
the duration of rearing, increased from 63 mg in the first variant to 126 mg
in the groups, the rearing time of which was the maximum (Table 1).

Table 1

Influence of the duration of cultivation in the pools on the quality
of larvae of A. gueldenstaedtii at a planting density

of 2800 free embryos/m” (x £ SE)

Growing  Pool Averagebody  Survival, Fish productivity,
time,day  number weight, mg % g/’
1 118 742+179 766 120
16 2 106 707+ 164 84.8 125
3 124 77.1£168 752 162
13 113 1049+204 73.1 177
20 14 122 11224238 70.6 186
15 109 1088+21.6 663 168
69 127 182.6+359 549 253
24 70 123 1662+31.1 613 254
71 108 174.1£332 524 229

At the same time with the lengthening of the growing period, there
was a significant increase in the variability of the individual mass of the
larvae in the experimental groups. In the first variant of the experiment
with a minimum period of cultivation, the coefficient of variation of this
indicator was not very high and ranged within 16.4-18.3%. Subsequently,
the difference increased (1.2-1.4 and 1.9-2.1 times, respectively for va-
riant [IHII). The survival rate of larvae was by far the highest in the expe-
rimental groups with the minimum growing period and ranged within
75.1-80.7%, which averages 78.4%. When grown up to 20 days, the sur-
vival rate of the larvae was significantly reduced; the difference in yield
from cultivation in comparison with the first option in individual pools
reached 21.1% and averaged about 70.3%. The survival rate of larvae
during cultivation, which was obtained according to the third variant of the
experiment, was the lowest. The survival rate of the test material in indi-
vidual pools was relatively low, did not exceed 64.1% and averaged
61.9%. The highest level of fish productivity was observed in the third
variant of the experiment with the longest period of cultivation and aver-
aged 186 g/m” with oscillations in individual basins within 166188 g/m’.

Dynamics of growth of body weight of experimental larvae reflected
the features of growth in individual experimental groups. By the end of the
growing period of 16 days, the growth rate of the larvae of all the experi-
mental groups was practically the same; the difference in the growth rate
did not exceed 2.0-5.1%. The average water temperature in this period
was 15.5 °C, which, in our opinion, mainly caused the low average mass
of larvae, which did not reach the normative values and ranged within
62.9-65.0 mg in individual experimental groups. The increase in the
growing time and the gradual increase in the water temperature to an
average of 17.2 °C caused an increase in body weight of an average of
30-32 mg, which allowed the test material to reach normative parameters
of the average mass of 91-98 mg. The further increase of the growing
period up to 24 days and the water temperature on the average to 18.3 °C
caused the increase of body weight on average by another 29-32 mg.

Against this background, in the experimental groups, the larvae of
which were growing for a period of 24 days, in the last four days of culti-
vation there was a gradual decrease in the growth rate, which, in our opi-
nion, reflected the deterioration of biotic relationships in the experimental
larvae of this age group, which is characteristic of 4. gueldenstaedtii aged
20-24 days in dense groups in general and for young Dnieper shoals in
particular. An analysis of the relative indicators of body weight gain re-
vealed that with the growth of the growing period in experimental variants
the percentage of realization of growth of larvae during the period of exo-
genous feeding is proportionally reduced. With a 16-day growing period,
the realization of growth before the transition of the experimental material
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to external feeding at the age of 12 days occupied a significant proportion
and averaged 52.8%.

With the increase of the growing period up to 20 and 24 days, the vo-
lume of realization of growth potential of Russian sturgeon larvae during
the endogenous feeding period naturally decreased and fluctuated on ave-
rage within 30.9 and 22.2% respectively. Against the background of an
increase in the percentage of realization of the growth potential of the
larvae during the feeding period with the increase in the period of growth
and consumption of feed per unit of production, they gradually decreased.
The most effective use of feed for the growth of body weight of the larvae
was in the variant with a growing period of 20 days. Feed costs in these
groups ranged within 2.80-2.86, which averaged 2.83. The highest feed
costs were characteristic of the experimental groups which were reared
with a minimum term of 16 days. The feed costs of the experimental
material of this variant in individual variants ranged within 3.25-3.39,
which averages 3.36.

Regardless of the experimental group and the period of cultivation,
the lowest rates of mass accumulation were observed at the beginning of
cultivation and at the time of transfer of larvae to external feeding. Indica-
tors of mass accumulation in these periods ranged from 0.11-0.12 and
0.21-0.22, respectively. After the transition of the larvae of the first variant
to exogenous feeding, the indices of mass accumulation increased sharply
and reached 0.32-0.36. With the extension of the growing period to
20 days, the rate of increase of the mass accumulation coefficient, al-
though slightly decreased, reached maximum values in the limits of 0.41—
0.43. In the future, with the increase of the growing period up to 24 days,
the indices of mass accumulation decreased to 0.31-0.32.

Taking into account the modern requirements on the criteria for deter-
mining the quality of grown sturgeon, we determined the variability of
certain biochemical parameters of larvae when kept in the pools using
different cultivation terms. The difference in growing time is significantly
reflected in the magnitude of the overall biochemical parameters. Analysis
of the dynamics of oscillations of the main biochemical indicators showed
that the accumulation of consumables in the body of the experimental
larvae increased with the growing period of cultivation in the pools.
The amount of moisture was adequately reduced. The highest moisture
values of 90.2% were observed in the first variant of the experiment with
the lowest ash, fat and protein content, which was 1.1%, 3.2% and 5.5%
respectively (Table 2). In the experimental groups of the third variant with
a 24 day period of growing in pools, the content of consumables in the
body of the experimental larvae was the highest, the amount of ash was
1.3%, fat—3.9%, protein—5.9%.

Table 2

Influence of the term of cultivation of sturgeon larvae
at 2800 fiee embryos/m” on biochemical parameters
(in % of raw material; x + SE, n =468)

Growing time,day ~ Moisture Ash Fat Protein
16 902+420 1.10+£032  320+061  552+101
20 895+£369  121+021  358+133  571+£243
24 889+306 132+041 391+£089 589+134

Note: there were no statistical differences (P < 0.05) according to the Bonferroni
correction.

In the second series of the experiment, in which the density of the ex-
perimental groups in the fishery was taken within 3200 free embryos/n?’, a
pattern similar to the previous analysis is observed. As in the previous
series of experiments, the average mass of larvae in the experimental gro-
ups, depending on the duration of cultivation increased steadily from
59 mg with oscillations in individual groups within 57.39-63.96 in the
first embodiment to 119 mg with oscillations in individual groups in the
range of 114-126 mg in the groups with the maximum growing time
(Table 3). Survival of the larvae was the highest in the experimental
groups with the minimum period of cultivation and ranged within 72.6—
78.5%, which on average was 76.1%. The lowest survival rates of sturge-
on larvae for rearing were obtained naturally in the third variant of the
experiment; the survival rate in some pools was very low, did not exceed
55.1% and averaged 54.4%. The fish productivity of the experimental
groups gradually increased with the increase of the growing period and the
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growth of the average mass of the larvae. The minimum indicators of fish
productivity are characteristic of the experimental groups according to the
first variant of the experiment with a growing period of 16 days, on ave-
rage 101.41 g/m® with fluctuations in individual basins within the range of
96-106 g/m”. The maximum level of fishery productivity was observed in
the third variant of the experiment with the largest period of cultivation
and averaged 175 g/m2 with oscillations in individual basins within 169—
183 g/m’. As in the previous series of experiments, by the end of the 16-
day period, the growth rate of the larvae of all experimental groups was
naturally practically the same; the difference in growth rate did not exceed
3.0-5.0%. The growth rate of body weight was low and the larvae did not
reach regulatory values. The average mass of the larvae ranged within 59—
63 mg in individual study groups. The increase in the period of growth
and the gradual increase in the temperature of the water caused the body
weight to increase by an average of 27-28 mg, which allowed the test
material to reach normative parameters of the average mass of 84-92 mg.
Further increase of the growing period to 24 days and the water tempera-
ture on the average to 18.25 °C caused the increase of body weight in
comparison with the minimum growing period by an average of 30-34 mg.

Table 3
Influence of the term of cultivation in the pools on the quality of larvae
of A. gueldenstaedtii at a planting density of 3200 free embryos/m” (x + SE)

Growing  Pool Averagebody  Survival, Fish productivity,
time, day  number weight, mg % g/’
5 117 715+182 76.7 131
16 6 111 71.7+18.7 793 136
7 109 693+174 80.5 132
77 110 107.1+£27.8 65.6 163
20 78 128 96.2+26.1 68.1 169
79 121 101.8+27.6 67.5 180
65 105 146.8+354 572 235
24 66 114 157.3+£379 512 228
67 109 1543+36.5 509 222

An analysis of the relative indicators of body weight gain, as in the
previous series of experiments, revealed that with the increase of the gro-
wing period in experimental variants the percentage of realization of
growth of larvae during the endogenous feeding period was proportionally
reduced. During the growing period of 16 days, the realization of growth
before the transition of the test material to external feeding at the age of
12 days occupied a significant share and averaged 57.1%.With the exten-
sion of the growing period to 20 and 24 days, the volume of growth of
larvac during the endogenous feeding period naturally decreased and
fluctuated on average within 34.4% and 23.3%.

As in the previous series of experiments, with the increase in the
growing period feed costs per unit of production gradually decreased.
The most effective use of forage for growth of body weight of larvae of
experimental groups was in the variant with the term of cultivation of
20 days. Feed costs in these groups are slightly higher than those in the
less dense groups and range within 2.96-3.24, which are 3.02 on average.
The highest feed costs are characteristic of the experimental groups which
are reared with a minimum term of 16 days. The feed costs of the experi-
mental material of this variant for individual experimental groups ranged
within 3.61-4.15, which averaged 3.89.

However, the overall dynamics of oscillation coefficient of mass ac-
cumulation in comparison with the previous series remained virtually un-
changed. The minimum indices of mass accumulation were observed at
the beginning of cultivation and at the time of larvae transition to external
feeding — 0.11-0.12 and 0.21-0.23, respectively. Subsequently, a signifi-
cant increase in the values of mass accumulation was observed, which
reached 0.40-0.41 by 20 days of cultivation.

Analysis of the dynamics of oscillations of the main biochemical pa-
rameters showed that, as in the previous series of experiments with in-
creasing duration of cultivation, the amount of moisture was adequately
reduced. The highest moisture values of 90.6% were observed in the first
version of the experiment with the lowest ash, fat and protein content,
which was 1.1%, 3.2% and 5.1% respectively (Table 4). In the experimental
groups of the third variant with a 24 day period of larvae growing in the
pools, the content of consumables in the body of the experimental larvae
was the highest, the amount of ash was 1.3%, fat— 3.6%, protein—5.7%.

Regul. Mech. Biosyst., 2020, 11(3)



Table 4

Influence of the duration of cultivation of sturgeon larvae
at 3200 fiee embryos/m” on biochemical parameters

(in % of raw material; x + SE, n=473)

Growing time, day Moisture Ash Fat Protein
16 906 £4.19 1.10 £061 32 =+213 51 +0.56
20 900+£543 121 £213 32+£172 56 +230
24 894 £3.11 132+189 36+1.14 57112

Note: there were no statistical differences (P < 0.05) according to the Bonferroni
correction.

The mathematical analysis showed a high level of correlation bet-
ween the period of sturgeon cultivation in the basins and the main fishery
indicators, regardless of the thermal regime of individual years of observa-
tion, correlation coefficients ranged 0.812-0.975. The obtained pairs of
dependencies allowed us to determine the maximum relationship between
the analyzed indicators, which allowed us to build mathematical models
of the relationship between the term of growth of Russian sturgeon larvae
in the pools and the rate of their growth. The best dependence of body

Table 6

mass growth on planting density is described by exponential equations,
favouring high levels of approximation within 0.988-0.997 (Table 5).
In the course of further mathematical analysis, the magnitude of the im-
pact on the main fishery indices of the rearing period as the main factor
and the density of the groups at a certain water temperature in the pools
was determined (Table 6).

Table 5

Dependences of growth of body weight

of larvae of A. gueldenstaedtii on the term of cultivation in pools
(y — the mass of larvae, g; x — growing duration, days)

Free  Growing Indicators of dependence
embryos/n?* time, day  communication equation coefficient of approximation, R*

16 y=12289 %" 0.9783

2800 20 y=11.752 ¢*%* 0.9854
24 y=11.763 ™ 0.9906
16 y=12.584 ¢0%* 0.9882

3200 20 y=12211 %% 0.9886
24 y=11.923 ™ 0.9917

The results of variance analysis of the influence of technological and environmental factors in the growth of larvae of A. gueldenstaedtii

Source of variation Sum Degreesof ~ The middle F The volume of mutual
of squares freedom square actually theoretically  influence of factors,%

General 1036589.1 161 - - -
Repeats 1113 2 - - -
Factor A —planting density, free embryos/m’ 2400.1 2 1200.1 1232 6.94 0.2%
Factor B — water temperature, °C 40714.6 5 81429 1384 297 2.9%
Factor C— growing time, days 865201.7 2 432600.8 159954 312 61.2%**
Interactions AB 13040.6 10 1304.1 22.1 2.60 0.9*
Interactions AC 188044.1 4 47011.0 17382 249 13.3%*
Interactions BC 814293 10 8142.9 301.0 1.96 5.8%*
Interactions ABC 218925.7 20 10946.2 404.7 1.72 15.5%*

Note: * —low level of influence factor; ** — average level of influence factor; *** —high level of influence factor.

The greatest influence on the results of the growth of sturgeon larvae
in the pools among all the considered factors belonged to the period of
cultivation, the magnitude of significance of which is 61.2%. At the same
time, in this series of experiments, abiotic and biotic factors of the envi-
ronment influenced the cultivation results much less, the value of signifi-
cance at water temperature is 2.9%, and for planting density — only 0.2%.
All three factors combined are significant, with 15.5% interaction. Against
this background, the calculated Fisher’s criterion for all factors of the
studied effects is higher than the theoretical one, which indicated the relia-
bility of the data obtained.

Discussion

Sturgeons are considered to be one of the most globally imperiled
taxa, most of the species are listed by the International Union for the Con-
servation of Nature (Haxton, 2016). The analysis of the factors that influ-
ence the productivity of the Dnieper sturgeon populations, allows us to
formulate the basic provisions of the concept of the directed formation of
the industrial ichthyofauna of the Dnieper-Bug estuary. According to the
literature data, the rational use of natural waters should be based, first of
all, on the conservation of the biodiversity of the fauna, which includes
efforts to restore the number of rare and endangered fish species (Tretjak
et al,, 2010; Sherman et al., 2013; Hliebova & Shkarupa, 2019). At the
same time, modem trends in fisheries development require an increase in
the volume of hydrobiota production from both natural and artificial wa-
ters. In the case of sturgeon, the basic measures for the protection and
amelioration of the foraging and spawning grounds will not allow the
Dhnieper shoals to be restored. The latter in the present is possible solely
due to the introduction of the required amount of high-quality viable plant-
ing material in natural waters (Chebanov et al., 2013; Sherman et al,
2013). At the same time, one of the main issues on which the scale and
success of sturgeon based on natural and artificial water bodies depends is
the provision of effective artificial reproduction and cultivation of viable
fishery material at sturgeon fisheries (Sherman et al., 2009; Gritsinyak
etal,, 2016). In this regard, the study of the impact of environmental and

technological parameters on the efficiency of larval growth to viable stag-
es is crucial.

It is known that the effectiveness of the introduction of young sturge-
on into natural water bodies largely depends on their size and mass indica-
tors (Sherman et al., 2009; Pilipenko et al., 2014). Previous research has
determined that the efficiency of obtaining young sturgeon of different
mass under any temperature conditions depends very much on the period
of cultivation in the pools (Sherman et al., 2009; Chebanov et al., 2013).
With optimal growing times, larvae of Russian sturgeon reach the re-
quired growth parameters and have a high survival rate. Their mass,
length, biochemical parameters are sufficient for transplanting for cultiva-
tion in ponds (Sherman et al., 2009; Chebanov et al., 2013; Vasileva et al.,
2016). In our opinion, low values of water temperature in the initial grow-
ing season and the short growing period can be the probable cause of the
worst results of the experiment. In the first variant of the experiment with a
rearing duration of 16 days, the larvae of the 4. gueldenstaedtii of all
groups did not reach the standard average body weight. Growing the
larvae of Russian sturgeon in the shortest time is possible only with a high
biomass of food organisms in ponds, which is not typical for classical
ponds for growing sturgeon. The expediency of growing larvae within the
time frame determined by us is confirmed in other research (Chebanov
etal., 2013; Simon, 2018). Analysis showed that this is also typical for
other sturgeon species (Tretjak et al., 2020). It was also found that in va-
riants with the maximum growing time, the difference in the individual
masses of the test material was greatly increased on the background of
sufficiently high fishery indicators. This has led to an increase in the pres-
sure of food competition and, as a result, to a decrease in the output of
young sturgeon growing up. At the same time, it was shown that with an
increase in the growing period, moisture in sturgeon muscles decreases
and fat and protein increase (Poleksic et al., 2010; Memis et al., 2011;
Kairullaev et al., 2017; Lee et al., 2017). Corresponding age-related chan-
ges have been studied in other fish species (Volichenko et al., 2017; Payu-
ta & Flerova, 2020). Timely completion of the process of rearing juveniles
in pools will reduce the death of larvae of Russian sturgeon (Sherman
etal., 2009; Chebanov et al., 2013). But if it is necessary to obtain larger
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planting material of young Dnieper sturgeon, the growing period can be
extended during cultivation, though it will be necessary to sort out the
young in the last week of cultivation.

Conclusion

As a result of the conducted research it is determined that a 20 day
term of growing the larvae of 4. gueldenstaedtii in the pools should be
considered the most optimal. During this period, larvae of A. gueldens-
taedtii had high rates of average body weight of 83—108 mg with a surviv-
al rate of at least 53.4-60.2% and optimal physiological state. With the
shortening of the rearing time, the larvae did not reach the required tech-
nological and biological parameters. In variants with a maximum growth
period of 24 days, the difference in the individual masses of the test ma-
terial significantly increased on the background of rather high fishery
indicators of the larvae, the coefficient of variation of the index reached
50.3-52.9%. This led to an increase in the pressure of food competition
and, as a result, to a decrease in the output of sturgeon fry from growing to
46.5-61.9%. All of this can have a significant impact on the development
of new technologies for growing sturgeon.
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